7.10 T- and tt- N etworks 

Two four-terminal or two-port networks are said to be equivalent to each otner 
have identical terminal properties, i.e., for the same input they yield identical o 
Sometimes the analysis of a complex circuit can be simplified by considering a 
equivalent circuit. Here we show that any two-port linear resistive ueiwcrn 
replaced by an equivalent T-network or a 7T- network. 


Generated by CamScanner from intsig.com 


I f jn r 


t: s ri'Ain cuuuknts 



lo) 


1' 


He 


(c) 


n, 

"WvV\ 


# 

wwv 



> < 


< 

> « 


• 




2 ' 


Mi 

VWVr 


; 

♦ 


Ml, 


(/») 


ff 

Fig 7.10-1: (a) Arbitrary network, (b) T-equivalent, (c) [^equivalent. 

Fig 7.10-1 shows an arbitrary complicated network and its T- and ir-equi valent rlrnillM 
Now for the circuits to be equivalent the values of terminal voltages mid < unvnts miiMt 
be identical. So the open and short-circuit resistances measured at ih»< Icniiinida must 
also be ident ical. 


r 


T-equivalent network 

Resistance at 1, 1/ with 2, 2' short circuited is 


= /?l + wrk, 

Resistance at 1, 1' with 2,2' open circuited is 

JR i o = Ri + 

Resistance at 2,2' with 1, 1' open circuited is 

lho = 1 - /?:«. 


(7 KM) 


(7,10*2) 


(7,10 .'0 


Solving these equations we can find the required values of l\\ ) /fj and It, i in terms 
of the measurements R LS -. R\ch R 20 of H>« original network, Subtract, lug Eq, (7,10 I) 
from Eq. (7.10-2) and then using Eq. (7.10-3) we get 

ft H) _ / 7 , s , = or /?a = \J i?L»o(/f 10 ~ (/ 10- I) 

& Mag. - 18) 
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Fly 7,1 0-1 s (a) Arbitrary network, (b)T-equivalent, (c)j>equivalent. 

I Iff t 10 I shows mii arbitrary complicated network hikI its 7 1 - and Tr-equivaleiit circuits. 
Now lor the circuits to lie equivalent the values of terminal voltages and currents must 
lie Ideal. leal, So the open and short-circuit resistances measured at the terminals must 
fllim be Identical, 


T-equlviilmit network 

Resistance at I, I' with 2,2' short circuited is 

Ris = Ri + 


RJh 


R-l + R: i ' 

Resistance at I, Y with 2,2* open circuited is 

R\o = R\ + R.i- 

ReHistance at 2,2' with 1,1' open circuited is 

R'lO = R-2 + R-.\- 


(7.10-1) 


(7.10-2) 


(7.10-3) 


Solving tl.OHC eq nations wr can find the required values of R, and A, m lc»» 
of the me.umremcntK R,s. Rw, 'ho oft ho original network. Subtracting Eq. (7.1(1-11 
from Eq. (7.10-2) and then using Eq. (7.10-3) we get 

n lo - /fis- = ° r = 'J R~o(R\o - R<s} (7.10-1) 

R 20 
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(7.10-5) 


Now using Eqs. (7. JO-2) and (7.10-3) we can find R\ and lh as 

R\ = R lo - R-s and R 2 = fa o ~~ fa' 


7r-equi valent network 


For 7r-equi valent network of Fig 7. 10- 1(c) we have similarly, 

„ FtbRc r , R h (R c + Ra) D _ RaiRb + Rc ) 
fas = t; — — — » fa o = — — . r, . > fa o - 


Rb + R. c 


Ra + fa + Rc 


R a + Rb T Rc 


To solve these equations we note that 


R1SR20 = 


RaRbRc 


R a + Rb + Rc 


and \ffa2o(Rio ~ fas) 


R a R-b 


Ra + Rb + Rc 


Thus 


R c 

Rb 


fasfao 

\ffao(fao - fas) ’ 

fasfao 

R20 - y/ fao(fao — fas ) 5 

fasfao 

fao — yj faoifao ~ fas) 


(7.10-6) 


(7.10-7) 

(7.10-8) 


(7.10-9) 
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